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in general that for a given temperature of NDT + AT, the crack propagation stress 
should increase with the decrease in crack size. Figure 15.2 also suggests that any 
increase in AT W at a constant stress level shifts our working point to B", progress¬ 
ing further into the “safe” operational region FABODE. From the point of view of 
fracture safety, however, the upper region FGCBA should be considered as more 
“uncertain” for most applications. 

The fracture arrest relationship, expressed in the form of the FABC curve, 
relates to the brittle behavior of the material for various levels of the applied stress. 
The FA portion of this curve represents the lower stress limit in fracture propaga¬ 
tion criteria. Numerically, it corresponds to a level of 5 to 8 ksi fracture extension 
stress in the plane strain region. 

A combination of crack-tip blunting and low nominal stresses should prevent 
rapid crack propagation above NDT, regardless of crack size. Experience with ship 
structures, involving weld residual stresses, indicates that when the crack moves 
out of the welded region into a stress field of about 5 to 8 ksi, there is insufficient 
elastic energy to propagate brittle fracture. 

The concept of the lower-bound stress indicated in Fig. 15.2 dates back to the 
work of Robertson [261]. It offers a practical and conservative approach to fracture- 
safe design particularly in those areas of material control where the existing struc¬ 
tures cannot be certified as fracture resistant. This area then includes off-the-shelf 
items without prior history of satisfactory fracture toughness as well as new designs 
in structural steel which exhibits K 1C values of not more than about 25 ksi(in.) 1 / 2 . 
This level of plane strain fracture toughness represents a practical lower limit of 
K lC for what may be termed a “garden variety steel.” The corresponding limit for 
the aluminum is taken here as 15 ksi(in.) 1 / 2 . 

When the appropriate edge-notch criteria of linear elastic fracture mechanics 
are invoked, the lower-bound nominal stress becomes a function of the material’s 
thickness and fracture toughness. This leads to a useful design chart for steel 
and aluminum shown in Fig. 15.3. As long as the designer limits the particular 
working stress to the area below the appropriate curve any existing crack should 
not propagate catastrophically under the usual conditions of loading and geometry. 

The lower-bound region of toughness for steel and aluminum, which formed 
the basis of design limits in Fig. 15.3, is consistent with fracture control studies 
of load-carrying members including welds and heat-affected zones [262]. For other 
materials, the lower-bound fracture toughness should be obtained from empirical 
sources. The exact role of the lower shelf stress field, such as 5 to 8 ksi, requires fur¬ 
ther clarification with respect to the behavior of structures made of lower-strength 
steels. However, it does appear to offer an approach to establishing a useful design 
criterion for the non-fracture-tough steels employed at ambient and lower temper¬ 
atures encountered in field construction. 

As we progress along the CAT curve through points A , R, and C in Fig. 15.2, 
the highest temperature of fracture propagation for purely elastic stresses is reached 
at point C. In the literature of fracture-safe design, this point is referred to as “frac¬ 
ture transition elastic.” The corresponding stress level reaches the yield strength of 
the material. The generalized fracture analysis diagram developed over the years 
indicates that point C coincides with NDT + 60°F, which is the more frequently 
quoted temperature consistent with the last, purely elastic point on the CAT curve. 
This correlation has been developed primarily for use with steels. By restricting 



